Phospholipids from the red cells of 85 children, both normal and belonging to various clinical groups, have been extracted and subjected to silica gel chromatography. The several phospholipids have been quantitated. The results have not proved to be useful in diagnosis and hence do not confirm earlier reports. The problems associated with analysis of phospholipids by this type of method are discussed.
METHODS
Separation of the phospholipid classes was effected by ascending chromatography on silica-gel-loaded filter paper, Whatman SG-81 (Kates, 1967) , the developing solvent being diisobutyl ketone-acetic acid, saline (9.0 g/I), (DAS) 40:25:4 vlv containing B.H.T., 0.1 g/I as antioxidant. Each extract was chromatographed in quadruplicate on 25 cm squares of paper. Twenty microlitre samples of the extract were chromato graphed in one dimension for 5.5-6 h at room temperature in a Shandon Universal Chromotank insulated with polystyrene.
When the solvent front was within I cm of the top, the chromatograms were removed and dried in a current of warm air prior to staining. Phospholipid staining (Hooghwinkel et at., 1966) was achieved by immersing the chromatograms for 16 h in a solution of HCI, 0.01 rnrnol/l, containing Ponceau Red (Edicol Supra Ponceau, 4R, I.e.I.), 50 rng/I and Heparinised blood samples (6-10 ml) were collected uranyl nitrate, 2 g/1. and the packed cell volume (haematocrit) measured.
After drying the papers in a current of warm air The blood was centrifuged (2000 rpm, 750 g), the the pink phospholipid spots were carefully outlined plasma separated and the red cell mass made to a with pencil, cut out, and placed in test tubes. The known volume (about 10 ml) with saline, 9.0 gil. stain was eluted with 3 ml HCI, 0.6 mrnol/l, in 50% Samples (about 4 ml) were removed and washed three tert. butyl alcohol. After standing for 3 h the eluates times with the saline before extracting the lipids. The were read at 510 nm against a solvent blank and the following extraction scheme was used (Hooghwinkel, individual spot intensities expressed as a percentage 23
Lipid extraction
In a search for a simple procedure to enable children suffering from severe mental and physical handicaps to be selected for investigation by more sophisticated neurological techniques, varying from relatively simple electrophysiological studies to surgical biopsy of the brain, it was decided to investigate further the encouraging reports by Hooghwinkel, van Geldern, and Staal (1969) that the phospholipid concentration in red blood cells varied with the cause of the disease.
Their method, modified in the light of more recent technical developments, was applied to a number of patients suffering from severe physical and mental handicaps, described in greater detail by Griffiths and John (1973) .
Eighty-five children were studied, divided into Groups to conform with the classification of Hooghwinkel et at. as follows:
Group 1. Normal (25 subjects). Group II. Juvenile amaurotic idiocy (none). Group 111. Mucopolysaccharidosis (2 cases). Group IV. Leucodystrophy (3 cases). Group V. Cases of dementia or amentia of unknown origin (21 cases).
Group VI. Cerebral atrophy, due to brain damage (21 cases). An additional Group (la, 13 cases) of children with other known causes of brain damage not expected to lead to disorders of sphingomyelin, was also included giving a total of 85 cases studied.
of the total intensity of the eluted spots. Average values of the four chromatograms were taken for each phospholipid.
In the present survey each spot of lipid extract separated into five phospholipid classes. These were identified as phosphatidyl ethanolamine (P.E.), phosphatidyl serine (P.S.), phosphatidyl choline (P.c., lecithin), sphingomyelin (Sp), and lsyophosphatidyl choline (L.P.c.) respectivelyin descending order on the chromatogram (Fig. I) .
Phospholipid phosphorus
Total phospholipid phosphorus was determined for each sample. The method used was essentially that of Gomori (1942) modified as suggested by Mortimer and Raine (1964) .
RESULTS AND OISCUS.~ION
The values for all phospholipid fractions are shown in Table I which includes the range ofsphingomyelin content of erythrocytes (expressed as a percentage of the total phospholipid) in each group of patients. The values for normal patients, Group I, fall within the range 27.9-33.0% (30.4 ± 2.7, mean ± 2 S.D.).
However, most of the patients in Group V (dementia or amentia of unknown cause) also fall within this range. This is in contrast to the results obtained by Hooghwinkel et al. (1969) . These authors showed a range for normal patients (17 cases) of between 30.0-34.0% (32.2 ± 1.8, mean ± 2 S.D.) while their Group V patients had a sphingomyelin value within the range 26.3-31.4 % (28.8, mean). See Fig. 2 .
It is of interest, though not statistically significant, that our two cases of known mucopolysaccharidosis, Group HI, showed sphingomyelin values outside the normal range in agreement with the findings of Hooghwinkel, however our three cases of known lipid storage disorders, Group IV, are within our normal range. Our groups Ia and VI patients showed mainly normal sphingomyelin levels as would be expected in cases of cerebral atrophy following brain damage (VI) and diseases not involving sphingolipid metabolism (Ia). The two low values in Group VI represent a monozygotic twin girl with microcephaly and spasticity, and a case of severe tetraplegia following kernicterus in the neonatal period.
A number of points are worth considering which may help to explain the apparent discrepancy between the two sets of results. First it should be mentioned that while Hooghwinkel's Group V cases consisted exclusively of patients suffering from dementia, our group was a mixture of both dementia and amentia. However, our dementia cases showed normal sphingomyelin values. The chromatographic procedure used to isolate the phospholipid c1asses differed slightly between the two investigations. The earlier investigations used Schleicher and Schull 2043b filter paper which was impregnated with silica after the method of Marinetti and Stotz (1959) . However, the Whatman 8G-81 paper used in the present study has been shown (Kates, 1967) to be as good as, if not better than, the self-impregnated material in resolving phospholipid groups.
Using Whatman SO-81 paper, resolution of phosphatidyl serine was achieved. Although this has been identified as a major component of erythrocyte phospholipids (Dodge and Phillips, 1967; Broekhuyse, 1969 ), Hooghwinkel et 01. (1969) make no mention of it. It is possible that phosphatidyl serine was unresolved from, and hence eluted with, the lecithin fraction, or it may have been omitted altogether, not being expected to stain with the tricomplex staining method adopted (Hooghwinkel, 1971) . However, in the present work a definite spot was consistently obtained (Fig. I) between phosphatidyl ethanolamine and lecithin, the position reported by Fang and Marinetti (1969) and confirmed experimentally with pure phosphatidyl serine on SO-81 paper using the OA8 solvent system. In addition, this spot in the red cell extract gave a positive ninhydrin reaction, characteristic of an aminolipid.
Recalculating the sphingomyelin results for our normal Group I, omitting the phosphatidyl serine, the mean value of 32.2 % is in good agreement with that obtained by Hooghwinkel et al. (1969) .
The literature contains the results of a number of phospholipid determinations on the erythrocytes of normal subjects. Some of these values are listed in Table 2 .
Clearly a range of 'normal' values exists, the values varying with the method of analysis. Indeed, even the same method carried out under slightly altered conditions yields different results. Thus paper chromatography on silica-gel impregnated paper is dependent on such variables as the method of Impregnating the paper, the temperature at which the chromatogram is developed, the humidity, the type of chromatography tank used and the lipid loading on the paper (Marinetti, 1962; Kates, 1967) . Even the use of saline instead of water in the DAS solvent system has been shown to improve the resolution of the phospholipid bands (Marinetti, 1962) . In oarticular the separation of phosphatidyl serine from ecithin is improved.
We feel that at present the paper chromatographic technique is not sufficiently reliable and suffers from a number of drawbacks for this type of phospholipid determination. Phospholipids are notoriously labile molecules and tend to undergo decomposition if left for any length of time on chromatography paper (Fleisher and Rouser, 1965) . They are subject to autoxidation, phosphatidyl serine being particularly susceptible, causing streaking on the chromatograms unless measures such as addition of B.H.T. to solvents are taken to avoid it. Abundant evidence of the effects of autoxidation in the absence of antioxidants has been presented by Dodge and Phillips (1967) . Formation of lysoderivatives of phospholipids in erythrocyte extracts has been observed where antioxidants have not been used, particularly lysophosphatidyl ethanolamine (Pries, Aumont, and Bottcher, 1966) and the effectiveness of antioxidants in preventing this has been demonstrated (Dodge and Phillips, 1967) . The use of antioxidants in the present study and the omission of them by Hooghwinkel may have contributed in some measure to the different results obtained. Furthermore, interconversion between phospholipid classes in animal cells, including the decarboxylation of phosphatidyl serine to phos-phatidy1 ethanolamine, has been postulated (Thompson, 1970) . 
Total lipid
13.5 + tAt 3.90 :L 0.23t 4.14 i 0.26t -3.95 -t 0.26t 16.7 _I 1.5t phosphorus ·mean ± S.D. t fLmol/ml red cells tmgl I00 011 packed cells Another factor, possibly significant to the discrepancy between the various sets of data in Table 2 lies in the use of heparin as an anticoagulant prior to analysis. Most studies on erythrocyte phospholipids have preferred to use other anticoagulants, e.g. disodium -E.D.T.A. (Farquhar and Ahrens, 1963; Dodge and Phillips, l 967; Jaffe and Gottfried, 1968; Broekhuyse, 1969) trisodium -E.D.T.A. (Rose and Ok lander, 1965) , and acid-citrate-dextrose (Hanahan, Watts, and Pappajohn, 1960) . It has been suggested that considerable alteration of the phospholipid fraction (mainly acidic) of the erythrocytes occurs when heparin is used. However, Dodge and Phillips (t 966) have shown that heparin alone does not cause alteration of phospholipids but it probably contributes to the formation of lyso derivatives and hence other anticoagulants are to be preferred. Unless careful washing of the erythrocytes is carried out prior to lipid extraction, the cell mass may be contaminated with platelets which will contribute to a variable extent to the phosphatidyl ethanolamine and phosphatidyl serine fractions (Hanahan et al., 1960) . "including lysolecithin "including phosphatidyl inositol CONCLUSION At the present time it would appear that onedimensional paper chromatography is not a satisfactory method for separating erythrocyte phospholipid classes to such an extent that meaningful diagnostic results can be obtained from individual values. One need only consider the 'minor' phospholipid classes detected by the relatively more sensitive thin-layer chromatography methods (Dodge and Phillips, 1967; Broekhuyse, 1969) to realise that the bands appearing on paper chromatograms do not represent homogeneous lipid classes.
Of the six children in this series who had low sphingomyelin levels two had disorders of metabolism which had already been diagnosed clinically and two had brain damage known to be unassociated with sphingolipid metabolism.
In our experience determination of phospholipids in erythrocytes does not afford practical assistance in selecting children for cerebral biopsy. This work was supported by a Research Grant from the Birmingham Regional Hospital Board. We are 
